In tropical and subtropical climate zones, Bemisia tabaci Gennadius (Hemiptera: Aleyrodidae) is an important insect pest. B. tabaci provokes direct feeding damages but also causes considerable indirect damage as a vector of numerous geminiviruses (3) such as Tomato yellow leaf curl virus (TYLCV; genus Begomovirus, family Geminiviridae), a threatening virus for tomato (8, 11, 14) . TYLCV initially was described from the eastern Mediterranean regions (2) . In the last decade, due to international transport of plant material and people, TYLCV has spread to the western Mediterranean regions, the Caribbean Islands, the American continent, Réunion Island, and Japan (1, 6, 12, 13, 16, 17) . Following the spread of TYLCV, the French National Plant Protection Organization (NPPO) is particularly concerned by the risk of any further spread of this virus and, more generally, by the spread of any other begomovirus. This risk is not limited only to tropical and subtropical regions because B. tabaci is also a major pest in greenhouses in temperate regions.
Presently, all control measures are focused on the vegetative plant parts and, particularly, on imported tomato seedlings produced in nurseries of begomovirusinfected countries, but were not applied to the imported fruit. A survey conducted in 2000 by the French NPPO has shown that 50% of tomato fruit introduced into France from Mediterranean countries were actually infected with TYLCV (A. Dalmon, unpublished results). In view of this, it has become necessary to repeat this survey and test if tomato fruit can act as a reservoir of viruses from which whiteflies would be able to acquire and spread the virus. In this study, we present the results of a survey conducted by the French NPPO in 2002 on the presence of TYLCV on tomato fruit imported into Réunion from TYLCV-infected countries. We showed that TYLCV was present in several parts of vine tomato fruit and that B. tabaci can survive for more than 12 h on fruit. Based on these results, we designed a transmission test which demonstrated that B. tabaci can acquire TYLCV from tomato fruit and transmit it to healthy tomato plants.
MATERIALS AND METHODS
Insect, plant, and virus material. Adults of B. tabaci used in this study were from a Réunion population that was started with nymphs collected on cabbage (Brassica oleracea) and subsequently reared on the same species under laboratory conditions: 12-h photoperiod (white and red fluorescent tubes), 25 2°C temperature, and 60 10% relative humidity. The population was identified as belonging to the B biotype using random amplified polymorphic DNA markers. Fruit of cvs. Durinta (Western Seeds) and Cencara (Vilmorin) of vine tomato (Lycopersicon esculentum) were collected from TYLCV-infected plants in a greenhouse of Piton Saint Leu (Réunion). Transmission experiments were done on a TYLCV-susceptible cv. Farmer (Know You Seed).
Squash and tissue blot detection of begomoviruses on imported batches of tomato fruit. Twenty-seven batches of tomato fruit imported from different countries (principally Spain and Morocco) into Réunion Island during the first quarter of 2002 were assayed for begomovirus presence. In all, 12 to 50 randomly selected fruit were tested for each batch. Four small pieces (approximately 0.5 by 0.5 by 0.2 cm), including skin and pulp, were sliced with a sterile scalpel near the point of insertion of the peduncle of each fruit and squashed individually onto a nylon membrane. Prints also were made on the membrane with cross sections of the stem for vine tomato plants. Prints of leaf and stem of healthy tomato plants were used as negative control on each membrane. Tomato fruit (skin and pulp) and leaves of TYLCV-infected plants were used as a positive control. Virus detection in squash blots and tissue prints were performed by hybridization with a TYLCV-DNA probe, using the DIG high prime DNA labeling and detection starter kit II (Roche, Mannheim, Germany), according to the manufacturer's recommendations. The TYLCV probe represented a 800-bp DNA fragment of a Réunion TYLCV isolate (GenBank accession no. AJ010790) including a 3 part of the precoat gene and a 5 part of the coat protein gene. A sample was considered positive when a strong signal was revealed on the membrane compared with the negative control.
TYLCV distribution in the vine tomato fruit. Two bunches of vine tomato of eight and nine fruit (cv. Durinta) and two others of five and four fruit (cv. Cencara) collected on TYLCV-infected plants were tested for TYLCV detection with tripleantibody sandwich enzyme-linked immunosorbent assay (TAS-ELISA) using a kit supplied by Adgen (Ayr, Scotland, UK). The protocol was according to the manufacturer's recommendations (Adgen). Virus distribution was assessed within each fruit by testing separately small pieces of stem, sepals, skin, pulp, and peduncle insert (point of insertion of the peduncle inside the fruit) sliced with a sterile scalpel. Plant samples of 0.5 g were ground in 3 ml of extraction buffer. Positive and negative control were from tomato leaves collected on TYLCV artificially infected and noninfected plants, respectively, of susceptible tomato cv. Farmer. The detection of the virus was considered to be positive when the absorbance value was higher than the mean absorbance of the healthy control plus three times the standard deviation.
Survival test. Life expectancy of whiteflies feeding on bunches of tomato fruit (cv. Durinta) was assessed with 100 Bemisia tabaci individuals, which were introduced in two 1-liter beakers (50 whiteflies in each) covered with gauze mesh and containing one small bunch of tomato fruit in each. Dead insects were recorded after different time periods: 3, 6, 12, 24, and 48 h. The beakers were kept at 25°C with a 12-h photoperiod. The experiment was repeated once.
Transmission test. Bunches of vine Durinta tomato fruit used as virus sources for the transmission tests were cut from TYLCV-infected plants, and one fruit of each bunch was checked for TYLCV infection by TAS-ELISA. Three ELISApositive bunches, with about 6 to 8 tomato fruit each, were placed in a cage in which approximately 1,000 nonviruliferous B. tabaci whiteflies were released. Simultaneously, in another cage, about 1,000 insects from the same nonviruliferous population were placed on a TYLCV-infected tomato plant which did not bear fruit. After a 3-h acquisition access period (AAP), 100 insects were removed from each cage. Of these, 50 were caged on two-leaf-stage tomato plants with a plastic tube, one whitefly per plant, for a 7-day inoculation access period (IAP). To confirm virus uptake, the 50 remaining B. tabaci whiteflies were crushed individually on a membrane and analyzed with a TYLCV genome DNA probe (16) . After removing the tubes at the end of the IAP, the plants were treated with an insecticide and placed in an insect-proof cage for 21 days in a greenhouse. The inoculated plants were analyzed for TYLCV detection with TAS-ELISA. The detection of the virus was considered to be positive when the absorbance value was higher than the mean absorbance of the healthy control plus three times the standard deviation. The same test was repeated after a 6-and a 12-h AAP. Three repetitions of the whole experiment were performed with tomato fruit from the same location and the same plants.
Statistical analyses. Analyses of variance (ANOVAs) were performed on transformed data (2 arcsinus »x/100) for homoscedasticity on the mean absorbance values in ELISA tests for cvs. Cencara and Durinta on the different parts of the fruit: sepal, stem, pulp, skin, and peduncle insert (Fig. 1A and B) .
RESULTS
Begomovirus detection on imported batches of tomato fruit. TYLCV-infected tomato fruit were found in 13 of 27 batches of imported tomato fruit coming from different origins (Table 1) . On average, 57% of the fruit from these 13 batches were infected with TYLCV.
TYLCV distribution in vine tomato fruit. All the fruit of the bunches of tomato fruit, green or mature, collected on TYLCV-infected plants of the cvs. Durinta and Cencara were shown to be infected by TYLCV using TAS-ELISA. All the fruit components tested for virus detection were positive by ELISA (Fig. 1A and B) , although the relative distribution was significantly different for the two cultivars (Fisher and Tukey tests). The mean absorbance value obtained with peduncle insert was significantly higher than those obtained with skin, sepal, and stem for cv. Durinta (Fig. 1A) . Inversely, for cv. Cen- cara, the mean absorbance values obtained with peduncle insert, pulp, and skin were significantly lower than those obtained with sepal and stem (Fig. 1B) . Survival test. Having confirmed that TYLCV was detected consistently in tomato fruit, a second prerequisite for virus transmission from tomato fruit was to show that whiteflies can feed and survive on bunches of tomato fruit. We recorded 20% mortality after a 24-h feeding access on vine tomato fruit and almost 100% after 48 h (Fig. 2) .
Transmission test. Based on the survival test results, transmission tests were carried out with three AAPs of 3, 6, and 12 h (Fig. 3) . Of the insects used, 3% were shown to transmit the virus to healthy tomato plants after a 3-h AAP on TYLCVinfected tomato fruit, and up to 8% after a 12-h AAP (Fig. 3A) . The percentage of transmitters after AAP on whole plants was significantly higher (Fisher test and Fisher's least significant difference), with 8% after a 3-h AAP, and up to 29% after a 12-h AAP. The percentage of transmitters increased significantly (Tukey test) with the increasing duration of the AAP from 3 to 12 h (Fig. 3A) .
The percentage of insects that tested positive by TYLCV hybridization was generally higher than the percentage of transmitters (Fig. 3A and B) . The percentage of viruliferous individuals increased significantly (Fisher test) with the increasing duration of the AAPs from 3 to 12 h. However, no significant difference was found between the two sources of acquisition, fruit or whole plants (Fisher test and simulation-based test).
DISCUSSION
The results presented here are, to our knowledge, the first report of successful TYLCV transmission from fruit of vine tomato to tomato plants using B. tabaci as vector. This successful transmission was consistent with the ELISA detection of TYLCV in different parts of vine tomato fruit and the 24-h survival rate of 80% of a population maintained on such fruit. Although the feeding of the whiteflies does not appear very efficient on fruit regarding to the mortality rate, it seems sustained at least beyond the first 3 h. Indeed, the percentages of viruliferous and infective whiteflies from the 12-h AAP were significantly higher than those from the 3-h AAP. A significant increase in the percentage of infective B. tabaci also was obtained with increasing AAPs on whole plants, as shown previously (9) .
According to the absorbance values recorded by ELISA, TYLCV concentrations in tomato fruit may be relatively high when compared with the absorbance obtained with an infected tomato leaf (positive control). A 3-h feeding access on TYLCVinfected fruit was enough to obtain potentially infective whiteflies; therefore, the risk of TYLCV spread through this route cannot be disregarded wherever potentially infected tomato fruit are exported or imported to or from foreign countries. Because other begomoviruses are threatening tomato production in various regions of the world, it will be useful to check how far this risk can be expected with these bego- 
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moviruses. The risk of virus transmission from fruit previously was emphasized by others in the case of stone fruit, peach, and apricot with Plum pox virus (PPV) (7). However, unlike the stone fruit, which show symptoms due to PPV infection, the risk with TYLCV is emphasized because infected tomato fruit are symptomless. The 57% TYLCV-infected tomato fruit found, on average, in samples collected from 13 batches of tomato imported into Réunion from TYLCV-infected countries was consistent with the high infection rate detected in 2000 on tomato imported into France (A. Dalmon, unpublished results) . Unfortunately, the use of commercial resistant tomato cultivars may not eliminate the risk of importing infected fruit because these cultivars do not prevent virus multiplication (4). Screening of resistant cultivars apparently never included TYLCV detection in the fruit (5, 10, 15) . Further studies are required to monitor virus in the fruit of resistant cultivars and also to find stronger resistances which may prevent contamination of the fruit or, at least, the parts to which the vector can have access. Indeed, the comparison between cvs. Durinta and Cencara showed that virus distribution within the fruit can be significantly different between two tomato cultivars.
One method to further assess the risk of TYLCV transmission from fruit in natural conditions would be to monitor the frequency of TYLCV transmission to healthy tomato plants caged with nonviruliferous B. tabaci and infected vine tomato fruit. According to observations made during the survival test, it seems that the whiteflies have a preference for the green parts of the tomato bunch, green tomato fruit, or green parts of further ripened fruit (sepal or stem), with red fruit (parts) being less frequented. This needs to be further investigated and substantiated with quantified data because it may help regulation personnel to design strategies to control the potential risk of virus spread through fruit. For the time being, although these risks were not yet assessed, it should be recommended to avoid the dumping of unmarketable infected tomato fruit near tomato fields.
